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[Title of the Invention] LIQUID CRYSTAL DISPLAY PANEL AND
METHOD OF MANUFACUTRING THE SAME

[Abstract]

[Object] A structure of a liquid crystal display panel and
a method of manufacturing the same are provided, which can
prevent degradation of a display quality such as display
shading due to non-uniformity of a liquid crystal layer in
an entire region of a display screen at any temperature
within a usage temperature range, and can always keep a good
display quality in a display surface inclined from its
horizon in the liquid crystal display panel.

[Solving Means] A liquid crystal display panel is provided
in which transparent glass substrates 1 and 2 overlap each
other by means of a pillar shaped resin spacer 4, and a
sealant 3 is printed to the pillar shape to make both
substrates bonded each other. The pillar shaped resin spacer
4 is elastically deformed in its pressed direction so that
it has an initial stress and accumulates an elastic energy.
In this case, an amount of elastic deformation of the pillar
shaped resin spacer 4 is set such that the pillar shaped
resin spacer 4 at a position where a gap becomes the maximum
is compressed by both substrates and is elastically
compressed and deformed in a vertical direction of the

substrate at the highest temperature within a usage
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temperature range of the liquid crystal display panel in a
display surface inclined from its horizon in the liquid

crystal display panel.

{Claims]

[Claim 1] AAliquid crystal display panel comprising two
transparent substrates facing each other with a
predetermined air gap being interposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside the sealant
and the substrates, wherein the spacer is elastically
deformed such that the spacer at a position where the gap
becomes the maximum is compressed by the substrates and is
elastically compressed and deformed at the highest
temperature within a usage temperature range of the liquid
érystal display panel in a display surface inclined from its
horizon in the liquid crystal display panel.

[Claim 2] The liquid crystal display panel according to
claim 1, wherein a height of the sealant is set to be higher
than a height of the spacer to a degree that a bending
stress resulted from an assembly of the transparent
substrates remains.

[Claim 3] The liquid crystal display panel according to
claim 1 or 2, wherein the spacers of which the total number

is less than the total number of the color pixels, have
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color pixels of three colors, and are approximately
uniformly arranged on the transparent substrate.

{Claim 4] The liquid crystal display panel according to
claim 3, Qherein the spacer is arranged in the color pixel
of one or in the color pixels of two coiors among the color
pixels.

[Claim 5] The liquid crystal display panel according to
claim 3, wherein the color pixels of three colors are
arranged in a matrix shape, and other spacer is arranged in
the color pixel positioned in an inclined direction based on
any color pixel where one spacer is disposed.

[Claim 6] The liquid crystal display panel according to
claim 3, wherein the color pixels of three colors are
arranged in a matrix shape, and another spacer is arranged
in the color pixel at a position horizontally or vertically
moved by one color pixel or by two color pixels in a
direction orthogonal to the horizontal or the vertical
direction based on any color pixel where one spacer is
" disposed.

[Claim 7] The liquid crystal display panel according to
claim 3, wherein the color pixels of three colors are
arranged in a matrix shape, and another spacer is arranged
by the color pixel having the same number of one or more in
horizontal and vertical directions.

[Claim 8] A liquid crystal display panel comprising two
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transparent substrates facing each other with a
predetermined air gap being interposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside the sealant
and the substrates, wherein both of the substrates are bent
in the same direction as well as the horizontal direction in
a state that the substrates staﬁd.

{Claim 9] A liquid crystal display panel comprising th
transparent substrates facing each other with a
prédetermined air gap being interposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside the sealant
and the substrates, wherein convex surfaces face each other
when a horizontal direction is also bent in a different
direction in a state that the substrates stand.

[Claim 10] A liquid crystal display panel comprising
two transparent substrates facing each other with a
predetermined air gap being intérposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside the sealant
and the substrates, wherein concave surface face each other
when a horizontal direction is also bent in a different
direction in a state that the substrates stand.

[Claim 11] A method of manufacturing a liquid crystal

display panel, comprising:
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a first process of charging the liquid crystal within
the liquid crystal display panel, the liquid crystal having
a volume less than a volume occupied by a space up to a top
end of the spacer of a natural length from one peripheral
surface among spaces inside the sealant after the spacer and
the sealant positioned around the spacer are formed at the
one peripheral surface of one transparent substrate between
the two transparent substrates constituting the liquid
crystal display panel; and

a second process of decreasing the volume within the
liquid crystal display panel by elastically deforming the
spacer or the spacer and the substrates overlapping each
other.

whereby the liquid crystal is encapsulated within the
liquid crystal display panel while an amount of discharging

the liquid crystal is suppressed.

[Detailed Description of the Invention]
[0001]
[Technical Field of the Invention]
The present invention relates to a liquid crystal
display panel and a method of manufacturing the same.
[0002]
[Description of the Related Art]

The liquid crystal display panel is composed of a pair
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of transparent substrates (glass substrates) overlapping
each other by means of a spacer, a frame shaped sealant
bonding the substrates, and a liquid crystal encapsulated
within an air gap surrounding the sealant and the substrates.
In this case, the spacer is disposed between the pair of
substrates, and serves to uniformly keep the air gap between
the substrates to a predetermined value, and as a result of
this, a liquid crystal layer having a uniform thickness can
be formed and a uniform display quality can be ensured.

[0003]

From the related art, examples of the spacé include a
spherical spacer like a plastic bead scattered on the
substrate, or a pillar shaped resin spacer which is disposed
on a specific position on the substrate by means of a
_lithography technique of applying a photosensitive resin on
the substrate and carrying out exposure and development.
When the spherical spacef to be scattered on the substrate
is employed, there is a problem that display shading may
occur due to the non-uniformity of the scattering. The
pillar shaped resin spacer is a technique capable of
overcoming this problem. In addition, the air gap between
the substrates, and a thickness of the liquid crystal can be
freely controlled and can be uniformly formed by adjusting
an amount of applying the photosensitive resin.

{0004]
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However, in a room temperature state, the air gap
between the substrates of the liquid crystal display panel
is constantly kept by the spacers disposed between the
substrates, which allows the thickness of the liquid crystal
layer encapsulated between the substrates to be uniformly
kept. However, in a high temperature state (e.g., 40°C or
more), the liquid crystal encapsulated between the
substrates is thermally expanded, and a pressure due to this
expansion causes the substrate to be distorted like rippling,
which causes the thickness of the liquid crystal between the
substrates to be partially non-uniform, which in turn causes
a contrast of the display to be non-uniform, which leads to
degradation of the display quality. In particular, in the
liquid crystal display panel having a large screenAof the
large substrate, the pressure due to the thermal expansion
of the liquid crystal causes the substrate to be relatively
significantly distorted, so that the degradation of the
display quality becomes serious.

{0005]

To cope with such problems, a liquid crystal display
panel is proposed in the Japanese Patent Publication No.
1996-15708, in which a pair of transparent substrate is
bonded each other by means of a frame shaped sealant, and a
liquid crystal is encapsulated within an air gap between the

substrates, and two kinds of spacers having a diameter
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larger than the spacers in a free state and having an
elasticity with the plurality of hardened spacers are
scattered between the substrates. According to the Japanese
Patent Publication No. 1996-15708, the spacer having an
elasticity in a room temperature is elastically deformed by
a pressure of overlapping the substrates so that its size
almost equals to the size of the hardened spacer, .and the
air gap between the substrates is constantly kept by these
spacers so that the thickness of the liquid crystal
encapsulated between the substrates are also uniformly kept
per each section thereof. And when a température around the
liquid crystal display panel from this state increases to a
high temperature of about 40°C, the liquid crystal
encapsulated between the substrates is thermally expandéd.
And the pressure resulted from the expansion of the liquid
crystal causes the substrate to be swollen toward its
outside. When the substrate is deformed to be swollen toward
its outside, each spacer which is elastically compresséd in
response to the deformation has an increased diameter by
means of the elasticity of the spacer. And each spacer
having the increased diameter allows each section of the
substrate to be supported, so that the substrate is not
distorted like rippling, and the air gap between the
substrates can be almost uniformly kept over its entire

surface, which in turn allows the thickness of the liquid
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crystal encapsulated between the substrates to be almost
uniform at each section thereof, so that the non—uniformity
does not occur at the contrast of the display.
[0006]

[Problems to be Solved by the Invention]

>However, when the liquid crystal display panel of which
a display surface is inclined from a horizontal direction is
used, the liquid crystal display panel of the Japanese
Patent Publication No. 1996-15708 has the problems as
follows. That is, when a plurality of hardened spacers are
spherical spacers like plastic beads, the hardened spacers
which are not held between the substrates at a high
temperature may be moved to be maldistributed due to an
impact or the like applied to the liquid crystal display
panel or a difference of specific gravities with the liquid
crystal. As such, when the plurality of hardened spacers are
maldistributed and then returned to a normal tempe;ature,-
une&enness may occur in the panel section to cause display
éhading. In addition, when the plurality of hardened spacers
are pillar shaped resin spacers, bottom surfaces of the
pillar shaped resin spacers are bonded to the substrate, so
that dropping is prevented. However, when the display
surface of the liquid crystal display panel is inclined from
a horizontal direction, the pressure applied by the liquid

crystal toward the substrate increases at a lower position
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and becomes maximum at the lower side of the panel as
compared to the horizontal state of the display surface. The
increased pressure causes the substrates to be moved outward
by the liquid crystal at the lower side of the panel, and a
portion of the liquid crystal is moved downward the panel
along the increase of the air gap so that a positional
energy of the liquid crystal decreases. Since the portion of
the liquid crystal is moved downward the panel, the air gap
between the substrates at the upper side of the panel
decrease so that the compressed force applied to the spacer
increases. In this case, it can be described that the
decreased amount of the positional energy of the liquid
crystal is consumed in deformation of members constituting
the panél other than the glass substrate, spacer. When such
changes occur.in the panel, the upper end of the spacer
disposed at the lower side of the panel is detached from the
counter substrate. This phenomenon may have a low
probability of occurrence at a room temperature, however,
the probability increases when the temperature increases.
The reason is because that the air gap between the
substrates increases due to the pressure resulted from the
thermal expansion at the high temperature so that an elastic
compressed distortion of the spécer is little left. When the
elastic compréssed distortion of the spacer is little left

and the air gap increases, the detachment of the spacer is
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apt to occur. The spacer of which the upper end is detached
from the counter substfate is regarded as worthless which
does not act as a gap retention member, so that the lower
region of the panel where the gap retention member is_not
present has a non-uniform liquid crystal layer, which thus
may cause a display shading, and a thickness of the liquid
crystal layer exceeds the threshold value when the spacer is
more detached from the counter substrate, so that the
display shading inevitably occurs.

[0007]

An object of the present invention is to provide a
liquid crystal display panel and a method of manufacturing
the same are provided, which can prevent degradation of a
display quality such as display shading due to non-
uniformity of a liquid crystal layer in an entire region of
a display screen at any temperature within a usage
temperature range, and can always keep a good display
quality in a display surface inclined from its horizon in
the liquid crystal display panel. In addition, another
object of the present invention is to provide the method,
which preferably manufactures the liquid crystal display
panel, and contributes to reduce the load of pressing and
discharging the liquid crystal and the time of charging the
liquid crystal.

[0008]
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[Means for Solving the Problems]

In order to accomplish the above-mentioned objects, the
first invention provides-a liquid crystal display panel
comprising two transparent substrates facing each other with
a predetermined air gap being interposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside thé sealant
and the substrates, wherein the spacer is elastically
deformed such that the spacer at a positién where the gap
becomes the maximum is compressed by the substrates and is
elastically compressed and deformed at the highest
temperature within a usage temperature range of the liquid
crystal display panel in a display surface inclined from its
horizon in the liquid crystal display panel.

{0009]

Therefore, éccording’to the liquid crystal display
panel of the first invention, even in a state that the
display surfape of the liquid crystal display panel is
inclined from a horizontal direction at a maximum
temperature within the usage temperature range of -the liquid
crystal display panel, the spacer is compressed by both
substrates and is elastically deformed in a direction
orthogonal to the substrate, so that it is always compressed
by the both substrates and is:elastically compressed and

deformed in a direction orthogonal to the substrate at any
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temperature in the usage temperature fange of the liquid
-crystal display panel. That is, the panel structure having
such properties has an assemble stress in the compressed
direction of the spacer. An external force required to
increase the distortion by the same amount on any specific
elastic member increase more in a case that the elastic
member is deformed in a state having an assemble stress
(initial stress) other than a state having the elastic
member of free state. That is, the case of having the
assemble stress (initial stress) has a higher resiétivity to
the deformation. Thus, according to the liquid crystal
display panel of the first invention, the external force
required for the same deformation amount is higher than the
liquid crystal display which does not cause the assemble
stress (initial stress) to the spacer so that an intensity
to the deformation of the structure is enhanced. Therefore,
accérding to the liquid crystal display panel of the first
invention, the deformation amount of the panel structure can
be made less when a thermal energy is supplied to the liquid
crystal and a change in the internal pressure occurs in the
liquid crystal, or when a change in the internal stress
locally occﬁrs in the liquid crystal due to a change in
length in a gravity direction of the liquid crystal when the
'liquid crystal display panel is inclined from its horizontal

direction or stand vertically. Since the deformation amount
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of the panel structure is small, the change in the air gap
between the transparent substrates facing each other is_also
small, so that the change of the pressure of the.liquid
crystal layer can be suppressed to a low level. Accordingly,
the display shading can be prevented from occurring in a
region near the lower side of the display screen occurred
when the display surface of the liquid crystal display panel
is inclined from a horizontal direction in the related art.
In addition, the upper end of the spacer is not detached
from the counter substrate, so that thevspacer can always
act as a gap retention member and uniformly retain the
liquid crystal layer.

[0010]

In addition, the second invention of the present
application is characterized in that a height of the sealant
is set to be higher than a height of the spacer to a degree
that a bending stress resulted from an assembly of the
transparent substrates remains;

[0011]

Thus, according to theAliquid crystal display panel of
the second invention, as is done in the first invention of
the present application, a height of the sealant is set to
be higher than a height of the spacer to a degree that a
bending stress resulted from an assembly of the transparent

substrates remains, so that the bending moment is applied to
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the transparent by assembling, which has a bending stress as
the assembling stress (initial stress). Thus, according to
the liquid crystal display panel of the second invention,
the deformation amount of the panel structure can be made
less when a thermal energy is supplied to the liquid crystal
and a change in the internal pressure occurs in the liquid
crystal, or when a change in the internal stress locally
occurs in the liquid crystal due to a change in léngth in a
gravity direction of the liquid crystal when the liquid
crystal display panel is inclined from its horizontal
direction or stand vertically. Since the deformation amount
of the panel structure is small, the change in the air gap
between the transparent éubstrates facing each other is also
small, so that the change of the pressure of the liquid
crystal layer can be suppressed to a low level. Accordingly,
the display shading can be prevented from occurring in a
region near the lower side of the display screen occurred
when the display surface of the liquid crystal display panel
is inclined from a horizontal direction in the related art.
In addition, the upper end of the spacer is not detached
from the counter substrate, so that the spacer can always
act as a gap retention member and uniformly retain the
liquid crystal layer.

[0012]

When the external stress applied to the panel structure
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is set to a constant value, in order to obtain a structure
which is not easily deformed by increasing the value of the
initial stress, reducing the total cross-sectional area of
the spacer is one means. The total cross-sectional area of
the spacer is obtained by adding the cross-sectional area of
the spacer for all spacers, and when the cross-sectional
area of the spacer is regarded as almost same in all of the
spacers, it is represented by the value which is multiplied
with the cross-sectional area of one spacer and the total
number of the spacers. Accordingly, it is required to reduce
the total number of the spacers in order to make the total
cross—sectional area of the spacer or the cross-sectional
area of one spacer. However, when the cross-sectional area
of one spacer decreases, an effect of the error affecting
the formation of the spacer increases, so that there is a
limit in decreasing the cross-sectional area of the spacer.
Accordingly, it becomes effective to decrease the total
cross-sectional area of the spacer by.reducihg the total
number of the spacers.

{0013]

Apcordingly, the third inverition is characterized in
that the spacers whose total number is less than the total
number of the color pixels, have color pixels of three
colors, and are approximately uniformly arranged on the

transparent substrate in the liquid crystal display panel of
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the first or second invention.

[0014]

That is, according to the method of disposing the
pillar shaped resin spacer to a specific position by means
of a lithography technique of applying a photosensitive
resin on the transparent substrate and carrying out exposure
and development, the liquid crystal panel of the third
invention can be readily manufactured.

[0015]

Another specific means obtained from the advantages
same as the third invention is disclosed in the fourth to
seventh inventions of the present application. In addition,
the liquid crystal display panel of the third invention is a
color liquid crystal display panel based on the fact that it
has color pixels of three colors. The color liquid crystal
display panel has a color pixel in which color filters of
red (R), green (G), and blue (B) colors are respectively
disposed. In addition, when one pixel is referred, it means
the one group of RGB,.however, may mean one unit of each of
the RGB when one color pixel is referred.

[0016]

The liquid crystal display panel of the fourth
invention is characterized in that the spacer is arranged in
the color pixel of one or in the color pixels of two colors

among the color pixels in the liquid crystal display panel
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of the third invention.

[0017]

The liquid crystal display panel of the fourth
invention employs a structure that the spacers are disposed
only in the R color, or a structure that the spacers are
disposed in R and G colors. In addition, ‘the spacer is
disposed in the color pixel’ is expressed, however, the
spacer is disposed on a light shielding region around the
color pixel for retaining the display quality at the time of
actually disposing the spacers. According to the liquid
crystal display panel of the fourth invention, the total
number of‘the spacers is reduced to one third or two thirds
of the total number of the color pixels and the spacers are
uniformly disposed on the transparent substrate, thereby
obtaining a structure which is not easily deformed, a
uniform air gap between the substrates, and retaining the

liquid crystal layer having the uniform thickness.

{00181

In addition, the fifth invention is characterized in
that the color pixels of three colors are arranged in a
matrix shape, and other spacer is arranged in the color
pixel positioned in an inclined direction based on any color
pixel where one spacer is disposed in the liquid crystal
display panel of the third invention.

[0019]



2001-147437.doc - 19 -

Examples of the spacer meeting the condition that
‘another spacer is disposed in the color pixel positioned in
an inclined direction based on any color pixel where oné
spacer is disposed’ may include, spacers at both
neighborhoods in a vertical direction of any color pixel
where the spacer is disposed. Such examples are shown in Fig.
3C. Fig. 3 illustrates a spacer arrangement in the present
invention, in which color pixels of RGB disposed in a matrix
shape are shown as a substrate shape, and O marks are
illustrated in the color pixels where the spacer is disposed.
According to the liquid crystal display panel of the fifth
invention, the total number of the spacers is reduced to one
half of the total number of the color pixels and the spacers
are uniformly disposed on the transparent substrate, thereby
obtaining a structure which is not easily deformed, a
uniform air gap between the substrates, and retaining the
liquid crystal layer having the uniform thickness.

[0020]

In addition, the sixth invention is characterized in
that the color pixels of three colors are arranged in a
matrix shape, and another spacer is arranged in the color
pixel at a position horizontally or vertically moved by one
color pixel or by two color pixels in a direction orthogonal
to the horizontal or the vertical direction based on any

color pixel where one spacer is disposed in the 1liquid
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crystal display panel of the third invention 3.

[0021]

Fig. 3B shows the spacer arrangement of the liquid
crystal display panel of the sixth embodiment. In this case,-
the total number of the spacers is one fourth of the total
number of the color pixels. The expression ‘degree’ is for
the consideration.that the row or column of the color pixel
arrangement may not be a multiple of two. Thus, éccording to
the liquid crystal display panel of the sixth embodiment,
the total number of the spacers isvreduced to one fourth of
the total number of the color pixels and the spacers are
uniformly disposed on the transparent substrate, thereby
obtaining a structure which is not easily deformed, a
uniform air gap between the substrates, and retaining the
liquid crystal layer having the uniform thickness.

[0022]

In addition, the seventh invention is characterized in
that the color pixels of three colors are arranged in a
matrix shape, and another spacer is arranged by the color
pixel having the same number of one or more in horizontal
and vertical directioné in the liquid crystal display panel
of the third invention.

[0023]

In the 1liquid crystal display panel of the seventh

invention, Fig. 3C shows the spacer arrangement that another
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spacer 1is disposed by every one color pixel in a vertical
direction based on any color pixel where one spacer is
disposed. In this case, the total number of the spacers is
one fourth of the total number of the color pixels. The
expréssion ‘degree’ is for the consideration that the row or
column of the color pixel arrangement may not be a multiple
of two. In addition, Fig. 3C shows the spacer arrangement
that another spacer is disposed by every two color pixels in
a vertical direction based on any color pixel where one
spacer is disposed. In this case, the total number of the
spacers is one ninth of the total number of the color pixels.
The expression ‘degree’ 1is for the consideration that the
row or column of the color pixel arrangement may not be a
multiple of three. Thus, according to the 1liquid crystal
display panel of the ninth embodiment, the total number of
the spacers is reduced to one ninth of the total number of
the color pixels and the spacers are unifofmly disposed on
the transparent substrate, thereby obtaining a structure
which is not easily deformed, a uniform air gap between the
substrates, and retaining the liquid crystal layer having
the uniform thickness.

[0024]

In addition, the eighth invention of the present
application is one which includes two transparent substrates

facing each other with a predetermined air gap being
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interposed therebetween by a spacer, a frame shaped sealant
bonding the substrates each other, and a liquid crystal
encapsulated inside the sealant and the substrates, wherein
both of the substrates are bent in the same direction as
well as the horizontal direction in a state that the
substrates stand.

[0025]

Fig. 4 shows an example of the liquid crystal display
panel of the eighth invention. Reference numerals 1 and 2
denote transparent substrates, and 3 denotes a sealant. For
example, the liquid crystal diéplay panel of the eleventh
embodiment can be manufactured by curing the sealant while
making them bent in a horizontal direction and the same
direction to make convex surfaces of the both substrates
face each other when they stand up. In addition, configuring
the transparent substraﬁes 1 and 2 using the already bent
glass substrates can also manufacture the 1liquid crystal
display panel of the eleventh embodiment. Therefore,
according to the 1liquid crystal display panel of the
eleventh embodiment, the substrates are bent in the
horizontal direction and another direction to make the
concave surfaces face each other while they stand, so that
the bending rigidness to the bending moment having an axis
in the horizontal direction increases so that the bending

deformation is less likely to occur. That is, the change in
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the air gap of each section of the vertical direétion of the
liquid crystal panel can be suppressed even when a change in
the internal pressure of the liquid crystal occurs, so that
the display shading at a region near the lower side of the
display screen can be suppressed.

{0026]

In addition, the ninth invention is characterized in
that the liquid crystal display panel includes two
transparent substrates facing each other with a
predetermined air gap being interposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside the sealant
and the substrates, wherein convex surfaces face each other
when a horizontal direction is also bent in a different
direction in a state that the substrates stand.

[0027]

Fig. 5 is a perspective view illustrating an appearance
of the liquid crystal display panel in accordance with the
ninth embodiment of the present invention. Reference
numerals 1 and 2 denote -transparent substrates, and 3
denotes a sealant. For example, As shown in Fig. 5 for the
transparent substrates 1 and 2, the liquid crystal display
panel Qf the ninth embodiment can be manufactured by curing
the sealant while making them bent in a horizontal direction

and the same direction to make convex surfaces of the both
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substrates face each other when they stand up. In addition,
configuring  the transparent substrates 1 and 2 using the
already bent glass substrates can also ﬁanufacture the
liquid crystal display panel of the ninth embodiment.
Therefore, according to the liquid crystal display panel of
the ninth embodiment, the subétrates are bent in the
horizontal direction and another direction to make the
concave surfaces face each other while they stand, so that
the bending rigidness to the bending moment having an axis
in the horizontal direction increases so that the bending
deformation is less likely to occur. That is, the change in
the air gap of.each section of the vertical direction of the
liquid crystal panel can be suppressed even when a change in
the internal pressure of the liquid crystal occurs, so that
the display shading at a region near the lower side of the
display screen can be suppressed.

[0028]

In addition, the tenth invention is characterized in
that the liquid crystal display panel include two
transparent substrates facing each other with a
predetermined air gap being interposed therebetween by a
spacer, a frame shaped sealant bonding the substrates each
other, and a liquid crystal encapsulated inside the sealant
and the substrates, wherein concave surface face each other

when a horizontal direction is also bent in a different
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direction in a state that the substrates stand.

[0029]

Fig. 6 is a perspective view illustrating an appearance -
of the liquid crystal display panel in accordance with the
‘tenth embodiment of the present invention. Reference
numerals 1 and 2 denote transpareht substrates, and 3
denotes a sealant. For example, As shown in Fig. 5 for the
transparent substrates 1 and 2, the 1liquid crystal display
panel of the tenth embodiment can be manufactured by curing
the sealant while making them bent in avhorizontal direction
and the same direction to make convex surfaces of the both
substrates face each other when they stand up. In addition,
configuring the transparent substrates 1 and 2 using the
already bent glass substrates can also manufacture the
liquid crystal display panel of the tenth embodiment.
Therefore, according to the liquid crystal display panel of
the ninth embodiment, the substrates are bent in the
horizontal direction and another direction to make the
concave surfaces face each other while they stand, so that
the bending rigidness to the bending moment having an axis
in the horizoﬁtal direction increases so that the bending
deformation is less likely to occuf. That is, the change in
the air gap of each section of the vertical direction of the
liquid crystal panel can be suppressed even when a change in

the internal pressure of the liquid crystal occurs, so that
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the display shading at a region near the lower side of the
display screen can be suppressed.

[0030]

In addition, the eleventh invention is characterized in
that the method of manufacturing a liquid crystal display
panel, includes a first process of charging the 1liquid
crystal within the liquid crystal display panel, the liquid
crystal having a volume less than a volume occupied by a
space up to a top end of the spacer of a natural length from
one peripheral surface among spaces inside the sealant after
the spacer and the sealant positioned around the spacer are
formed at the one peripheral surface of one transparent
substrate between the two transparent substrates
constituting the liquid crystal display panel; and a second
process of decreasing the volume within the liquid crystal
display panel by elastically deforming the spacer or the
spacer and the substrates overlapping each other, whereby
the liquid crystal is encapsulated within the liquid crystal
display panel while an amount of discharging the liquid
crystal is suppressed.

[0031]

Therefore, according to the method of manufacturing the-
liquid crystal display panel of the eleventh invention,
which thus contributes to reduce the load of pressing and

discharging the liquid crystal and the time of charging the
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liquid crystal.
[0032]
[Emmbodiments]

Hereinafter, a liquid crystal display panel and a

method of manufacturing the same of embodiments of the

present invention will be further illustrated with reference

to the attached drawings. The present invention is not
limited these embodiments. In addition, the pillar shaped

resin spacer is employed as one manufactured by a

lithography technique, however, a spherical spacer such as a

plastic bead may be employed instead. In addition, the
pillar shaped resin spacer may be formed of a transparent

photosensitive resin. an acrylic transparent photosensitive

resin or a polyimide transparent photosensitive resin may be

employed as the transparent photosensitive resin.

[0033]

First embodiment

First, the liquid crystal display panel of the first
embodiment of the present invention will be described with
reference to Fig. 1. Fig. 1 is a schematic cross-sectional
view illustrating a liquid crystal display panel according
to a first embodiment of the present invention in which
number, shape, value or the like of each section is
exaggerated and omitted.

[0034]
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A basic structure of the liquid crystal display panel
of the present invention is composed of transparent glass
substrates 1 and 2, a sealant 3, and a pillar shaped resin
spacer 4. Fig. 1A shows the state before the transparent
glass substrate 1 and the transparent glass substrate 2 are
bonded to each other, and Fig. 1B shows that a liquid
crysfal 5 is injected and a liquid crystal inlet (not shown)
is encapsulated at a room temperature, thereby illustrating
a completed liquid crystal display panel. As shown in FIG.
14, therpillar shaped resin spacer 4 before bonding the
transparent substrates each other has a natural length
longer than the length of the pillar shaped resin spacer 4
in the completed state shown in Fig. 1B. The pillar shaped
resin spacer 4 has an initial stress which is elastically
deformed in a compressed direction as a vertical direction
when the transparent glass substrate 1 is taken as a horizon
in the completed state shown in Fig. 1B, and is collecting
an elastic energy.

[0035]

Fig. 1C shows that the liquid crystal 5 is kept at a
high temperature in the completed liquid crystal display
panel. When the liquid crystal 5 is present at the high
temperature, the liquid crystal 5 is thermally expanded to
enlarge the air gap between the transparent glass substrate

1 and the transparent glass substrate 2. However, the liquid
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crystal display panel of the first embodiment has an
assemble streés {(initial stress) in the pillar shaped resin
spacer 4, so that the increase in the air gap is suppressed
to a lower level as compared to the case that the resin
spacer does not have the initial stress.

[0036]

Fig. 1D shows that the display surface of the liquid
crystal display panel is inclined from its horizontal
surface from the state of Fig. 1C. the pillar shaped resin
spacer 4 before bonding the transparent substrates each
other has a natural length longer than the length of the
pillar shaped resin spacer 4 in the completed state shown in
Fig. 1B. The pillar shaped resin spacer 4 has an initial
stress which is elastically deformed in a compressed
direction as a vertical direction when the transparent glass
substrate 1 is taken as a horizon in the completed state
shown in Fig. 1B, and is collecting an elastic energy.

(0037]

Referring to Fig. 1A, the length (height) of the pillar
shaped resin spacer 4 is exaggerated. The actual natural
value of the pillar shaped resin spacer 4 is about 4.1gm
when the air gap between the transparent glass substrate 1
and the transparent glass substrate 2 is 4 pm.

[0038]

Second embodiment
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Next, the liquid crystal display panel of the second
embodiment of the present invention will be described with
reference to Fig. 2. Fig. 2 is a schematic cross-sectional
view illustrating a liquid crystal display panel according
to a second embodiment of the present invention in which
number, shape, value or the like of each section is
exaggerated and omitted. Fig. 2A shows the state before the
transparent glass substrate 1 and the transparent glass
substrate 2 are bonded to each other, ana Fig. 2B shows that
a liquid crystal 5 is injected and a liquid crystal inlet
(not shown) is encapsulated at a room temperature, thereby
illustrating a completed liquid crystal display panel.

[0039] "

The liquid crystal display panel of the second
embodiment is different from the liquid crystal display
panel of the first embodiment in that a height of the
sealant 3 is set to be higher than a height of the pillar
shaped resin spacer 4 to a degree that the bending stress
due to assemble remains in the transparent glass éubstrate 1
and the transparent glass substrate 2. The height of the
sealant 3 may be set to be higher than the height of the
natural length of the pillar shaped resin spacer 4 before
compression, or may be set to be equal to the height of the
natural length of the pillar shaped resin spacer 4 or less

before compression and to be higher than the height of the
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natural length of the pillar shaped resin spacer 4 after
compression. That is} as shown in Fig. 2B, in the completed
state, it is necessary that a height of the sealant 3 is set
to be higher than a height of the pillar shaped resin spacer
4 to a degree that the bending stress due to assemble
remains in the transparent glass substrate 1 and the
transparent glass substrate 2. That is, at a room
temperature, the transparent glass substrate 1 and the
transparent glass substrate 2 are subject to the bending
moment by assemble, and are deformed with its inner surface
being convex and its outer surface being concave, and have
the bending stress as the assemble stress (initial stress).

[0040]

It is required to select the sealant formed of a
hardened material enough to set the height of the sealant 3
as described above and achieve the maintaining purpose.
However, a method of mixing the 'sealant with a hardened
material such as glass or plastic is usually employed.

[0041]

In the liquid crystal display panel of the second
embodiment, by means of the pillar shaped resin spacer 4 and
the assemble stress (initial stress) occurring between the

transparent glass substrate 1 and the transparent glass
substrate 2, the air gap between thé transparent glass

substrate 1 and the transparent glass substrate 2 can be
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further suppressed from increasing, and display shadingAcan
" also be suppressed from occurring as compared to the liquid
crystal display panel of the first embodiment.

[0042]

Next, a method of manufacturing the liquid crystal
display panel of an embodiment of the present invention will
be described (third embodiment, fourth embodiment, and fifth
embodiment) . Both substrates are bonded each other in which
required transparent electrode, orientation layer and so
forth are formed in each manufacture of the liquid crystal
display panel. This is referred to as a bonding process.
After the bonding process is carried out, a liquid crystal
is injected into the liquid crystal display panel. This is
referred to a process of injecting the liquid crystal. A
general method of injecting the liquid crystal includes a
vacuum method. In addition,-after the process of injecting
the liquid crystal,is carried out, the liquid crystal inlet
is encapsulated. This is reférred to as an encapsulation
process. The encapsulation process of compressing the panel
ét the time of the encapsulation process is also referred to
as compressed encapsulation process.

[0043]

Third embodiment

A method of manufacturing the liquid crystal display

panel of the third embodiment is as follows. First, both
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substrates shown in Fig. 1A or 2A are bonded to each other,
and the sealant 3 is then cured.

(0044]

The liquid crystal display panel in which the liquid
crystal inlet is disposed at the sealant 3 is put into the
vacuum device, which is then exhausted in the space between
the transparent glass substrate 1 and the transparent glass
substrate 2 of the liquid crystal display panel by the
vacuum exhaust device connected to the vacuum device. In
this case, the liquid crystal tub is put into the vacuum
device, and the liquid crystal inlet is immersed into the
liquid crystal tub where the liquid crystal is present. In
this state, the inside of the vacuum device is slowly
delivered to the atmospheric pressure, and the liquid
crystal is injected into the liquid crystal display panel by
the vacuum inside the liquid crystal display panel and a
difference between the pressure within the vacuum device.
Accordingly, it is possible to inject the liquid crystal
until the pressure difference becomes balanced. About 10
hours are required to fill with the liquid crystal the air
gap surrounded by the sealant and the both substrates of the
liquid crystal display panel. The liquid crystal is filled
within the air gap, and the compressed encapsulation process
is carried out. The encapsulating material is then cured. By

controlling the elastic deformed component of the compressed
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deformation of the pillar shaped resin spacer 4 occurring
due to the compression of the compressing member, and the
elastic deformed component of the bending deformation of the
transparent glass substrates 1 and 2, the liquid crystal
display panel shown in Fig. 1B or 2B can be obtained.

[0045]

Fourth embodiment

Iﬁ addition, a method of manufacturing a liquid crystal
display panel of the fourth embodiment including another
process of injecting the liquid crystal, and an
encapsulation process will be described. The transparent
glass substrate 1 and the transparent glass substrate 2 are
compressed and a portion of the liquid crystal within the
panel is leaked out in the method of manufacturing the
liquid crystal display panel of the third embodiment,
however, in the method of manufacturing the liquid crystal
display panel of the fourth embodiment, the process of
injecting the liquid crystal is terminated before the air
gap surrounded by the sealant and the substrate of the
liquid crystal display panel is filled with the liquid
crystal in consideration of the amount of discharged liquid
crystals. That is, the transparent glass substrates 1 and 2
are deformed by bending, and the pillar shaped resin spacer
4 is held between the transparent glass substrates 1 and 2

and deformed by compression, and a volume within the panel
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is reduced. The volume decreases, however, the liquid
crystal is not discharged because the amount of charging the
liquid crystal is made to be less than the initial volume.
Even when the liquid crystal is discharged, the amount of
the liquid crystal flowing out of the upper end of the
sealant 3 is not significant. Accordingly, transparent glass
substrates 1 and 2 are boned each other. Compression is then
released, and the lower platen is slid for destaticizing,
and the liquid crystal display panel is taken out and
transferred to the process of curing the sealant. The
encapsulating material is then cured. By controlling the
elastic deformed component of the compressed deformation of
the pillar shaped resin spacer 4 occurring due to the
compression of the compressing member, and the-elastic
deformed component of the bending deformation of the
transparent glass substrates 1 and 2, the liquid crystal
display panel shown in Fig. 1B or 2B can be obtained.

[0046]

By means of the process of injecting the liquid crystal,
the method of manufacturing the liquid crystal display panel
of the third embodiment can reduce the time of injecting the
liquid crystal so that the load of compressing and
discharging the liquid crystal can be alleviated. The amount
of injecting the liquid crystal can be controlled by the

time of injecting the same in the process of injecting the
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liquid crystal.

{0047]

Fifth embodiment

In addition, a method of manufacturing the liquid
crystal display panel of the fifth embodiment employing the
process of liquid crystal dropping and bonding. In the
method of manufacturing the liquid crystal display panel of
the third or fourth embodiment, after the bonding process is
carried out, the liquid crystal is injected into the panel
in the process of injecting the liquid crystal. The method
of manufacturing the liquid crystal display panel of the
fifth embodiment employs thevprocess of liquid crystal
dropping and bonding for dropping the liquid crystal on the
lower substrate before bonding the substrates each other.

[0048]

The assembly device used in the process of liquid
crystal dropping and bonding is composed of a compression
device ﬁaving an upper platen movable up and dQWn and a
lower platen movable in a horizontal direction, and a vacuum
exhaust device capable of exhausting the atmosphere
surrounding the liquid crystal display panel with being fit
between the upper platen and the lower platen.

[0049)

In the process of dropping and bonding the liquid

crystal, the transparent glass substrate 2 is first
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electrically‘absorbed to the upper platen of the assembly
device. Next, the pillar shaped resin spacer 4 is disposed
as shown in Fig. 1A or 2A, and the transparent glass
substrate 1 as the lower substrate where the sealant 3 is
printed is absorbed to the lower platen of the assembly
device. In addition, the liquid cryStal inlet is not
provided in the sealant 3.

[0050]

Next, a liquid crystal is dropped into a region
surrounded by the sealant 3 on the transparent glass
substrate 1 fixed in the lower platen. In this case, the
pillar shaped resin spacer 4 is still in a free state and
has a natural length. And the amount of dropping the liquid
crystal has a volume less than a volume occupied by a space
up to a top end of the spacer of a natural length from one
peripheral surface among spaces inside the sealant after the
spacer 4 and the sealant 3'positiohed around the spacer are
formed at the one peripheral surface of one transparent
substrate 1 between the two transparent substrates
constituting the liquid crystal display panel. This is for
the sake of alleviating the load on compressing and
discharging the liquid crystal by extremely suppressing the
discharged amount of the liquid crystal and reducing the
time of dropping the liquid crystal. Accordingly, the amount

of dropping the liquid crystal is less than the initial
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volume to be used as the volume of the completion state.
Next, an atmosphere surrounding the liquid crystal display
panel fit between the upper platen and the lower platen.

[0051]

Subsequently, the compression of the upper platen is -
~ made to increase, and the liquid crystal display panel is
compressed, so that the air gap between the transparent
glass substrate 1 and the transparent glass substrate 2 is
fine-adjusted to desired wvalues. In this case, the
transparent glass substrates 1 and 2 are deformed by bending,
and the pillar shaped resin spacer 4 is held between the
transparent glass substrates 1 and 2 and deformed by
compression, and a volume within the panel is reduced. The
volume decreases, however, the liquid crystal is not
discharged because the amount of charging the liquid crystal
is made to be less than the initial volume. Even when the
liquid crystal is discharged, the amount of the liquid
crystal flowing out of the upper end of the sealant 3 is not
significant. Accordingly, transparent glass substrates 1 and
2 are boned each other. Compression is then released, and
the lower platen is slid for destaticizing, and the liquid
crystal display panel is taken out and transferred to the
process of curing the sealant.

[0052]

By controlling the elastic deformed component of the
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compressed deformation of the pillar shaped resin spacer 4
occurring due to the compression of the compressing member,
and the elastic deformed component of the bending
deformation of the transparent glass substrates 1 and 2, the
liquid c;ystal display panel shown in Fig. 1B or 2B can be
obtained. According to this method, the method of
manufacturing the liquid crystal display panel of the fifth
embodiment can céntribute to reduce the load of pressing and
discharging the liquid crystal and the fime of charging the
liquid crystal.

{0053]

Hereinafter, each embodiment of the liquid crystal
display panel of third invention to seventh invention will
be described as sixth to ninth embodiments.

[0054]

Sixth embodiment

In the liquid crystal display panel of the sixth
embodiment, the spacer is arranged in the color'pixel of one
or in the color pixels of two colors among the color pixels.

[0055]

The liquid crystal display panel of the sixth invention
employs a structure that the spacers are disposed only in
the R color, or a structure that the spacers are disposed in
R and G colors. In addition, ‘the spacer is disposed in the

color pixel’ is expressed, however, the spacer is disposed
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on a light shielding region around the color pixel for
retaining the_display quality at the time of actually
disposing the spacers. According to the liquid crystal
display panel of the sixth invention, the total number of
the spacers is reduced to one third or two thirds of the
total number of the color pixels and the spécers are
uniformly disposed on the transparent substrate, thereby
obtaining a structure which is not easily deformed, a
uniform air gap between the substrates, and retaining the
liquid crystal layef having the uniform thickness.

[0056]

Seventh embodiment

The liquid crystal display panel of the seventh
embodiment is characterized in that color pixels of three
colors are disposed in a matrix shape, aqd other spacer is
arranged in the color pixel positioned in an inclined
direction based on any color pixel where one spacer is
disposed as shown in Fig. 3A. The spacers are not disposed
in the color pixels of both neighborhood of the vertical
direction and both neighborhoods of the horizontal direction
of any color pixel where the spacer is disposed, instead the
spacer is disposed in each of the color pixels which are
positioned upper right, lower right, upper left, and lower
left.

(00571
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As shown in Fig. 3A, the spacers are arranged in
checkers in the liquid crystal display panel of the seventh
embodiment.. Thus, according to the liquid crystal display
panel of the seventh embodiment, the total number of the
spacers is reduced to one half of the total number of the
color pixels and the spacers are uniformly disposed on the
transparent substrate, thereby obtaining a structure which
is not easily deformed, a uniform air gap between the
substrates, and retaining the liquid crystal layer having
the uniform thickness.

(0058]

Eighth embodiment

In addition, in accordance with the liquid crystal
display panel of the eighth embodiment, the color pixels of
three colors are arranged in a matrix shape, and another
spacer is arranged in the color pixel at a position
‘horizontally or vertically moved by one color pixel or by
two color pixels in a direction orthogonal to the horizontal
or the vertical direction based on any color pixel where one
spacer is disposed.

[0059]

Fig. 3B shows the spacer arrangement of the liquid
crystal display panel of the eighth embodiment. In this case,
the total number of the spacers is one fourth of the total

number of the color pixels. The expression ‘degree’ is for
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the consideration that the row or column of the color pixel
arrangement may not be a multiple of two. Thus, according to
the liquid crystal display panel of the eighth embodiment,
the total number of the spacers is reduced to one fourth of
the total number of the color pixels and the spacers are
uniformly disposed on the transparent substrate, thereby
obtaining a structure which is not easily deformed, a
uniform air gap between the substrates, and retaining the
liquid crystal layer having the uniform thickness.

[0060]

Ninth embodiment

In addition, in accordance with the liquid crystal
display panel of the ninth embodiment, the color pixels of
three colors are arranged in a matrix shape, and another
spacer is arranged by the color pixel having the same number
of one or more in horizontal and verticél directions.

[0061]

Fig. 3C shows the spacer arrangement that another
spacer is disposed by every one color pixel in a vertical
direction based on any color pixel where one spacer is
disposed. In this case, the total number of the spacers is
bne fourth of the total number of the color pixels. The
expression ‘degree’ is for the consideration that the row or
column of the color pixel arrangement may not be a multiple

of two. In addition, Fig. 3C shows the spacer arrangement
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that another spacer is disposed by every two color pixels in
a vertical direction based on any color pixel where one
spacer is disposed. In this case, the total number of the
spacers is one ninth of the total number of the color pixels.
The expression ‘degree’ is for the consideration that the
rdw or column of the color pixel arrangement may not be a
multiple of three. Thus, according to the liquid crystal
display panel of the ninth embodiment, the total number of
the spacers is reduced to one ninth of the total number of
the color pixels and the spacers are uniformly disposed on
the transparent substrate, thereby obtaining a structure
which is not easily deformed, a uniform air gap between the
substrates, and retaining the liquid crystal layer having
the uniform thickness.

[0062]

Tenth embodiment

Next, a liquid crystal display panel of the tenth
embodiment will be described with reference to Fig. 4. Fig.
4 is a perspective view illustrating an appéarance of the
liquid crystal display panel in accordance with the tenth
embodiment of the present invention. The liquid crystal
display panel of the eleventh embodiment is one which
includes two transparent glass substrates 1 and 2 facing
each other with a predetermined air gap being interposed

therebetween by a spacer (not shown), a frame shaped sealant
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3 bonding the substrates each other, and a liquid crystal
encapsulated inside the sealant and the substrates, wherein
convex surfaces face each other when a horizontal direction
is also bent in a different direction in a state that the
substrates 1 and 2 stand.

[0063]

As shown in Fig. 4 for the transparent substraﬁes 1 and
2, the liquid crystal display panel of the eleventh
embodiment can be manufactured by curing the sealant while
making them bent in a horizontal direction and the same
direction to make convex surfaces of the both substrates
face each other when they stand up. In aadition, configuring
the transparent substrates 1 and 2 using the already bent
glass substrates can also manufacture the liquid crystal
display panel of the eleventh embodiment. Therefore,
according to the liquid crystal display panel of the
eleventh embodiment, the substrates are bent in the
horizontal direction and another direction to make the
concave surfaces face each other while they stand, so thét
the bending rigidness to the bending moment having an axis
in the horizontal direction increases so that the bending
deformation is less likely to occur. That is, the change in
the air gap of each section of: the vertical direction of the
liquid crystal panel can be suppressed even when a change in

the internal pressure of the liquid crystal occurs, so that
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the display shading at a region near the lower side of the
display screen can be suppressed.

[0064]

Eleventh embodiment

Next, a liquid crystal display panel of the eleventh
embodiment will be described with reference to Fig. 5. Fig.
5 is a perspective view illustrating an appearance of the
liquid crystal display panel in accordance with the eleventh
embodiment of the present invention in which rates of
curvature of the transparent glass substrates 1 and 2 are
exaggerated. The liquid crystal display panel of the
eleventh embodiment is one which includes two transparent
glass substrates 1 and 2 facing each other with a
predetermined air gap being interposed therebetween by a
spacer (not shown), a frame shaped sealant 3 bonding the
substrates each other, and a liquid crystal encapsulated
inside the sealant and the substrates, wherein convex
surfaces face each other when a horizontal direction is also
bent in a different direction in a state that the substrates
1 and 2 stand.

[0065]

As shown in Fig. 5 for the transparent substrates 1 and
2, the liquid crystal display panel of the eleventh
embodiment can be manufactured by curing the sealant while

making them bent in a horizontal direction and another
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direction to make convex surfaces of the both substrates
facé each other when they stand up. In addition, configuring
the transparent subst;ates 1 and 2 using the already bent
glass substrates can also manufacture the liquid crystal
display panel of the eleventh embodiment. Therefore,
according to the liquid crystal display panel of the
eleventh embodiment, the substrates are bent in the
horizontal direction and another direction to make the
concave surfaces face each other while they stand, so that
the bending rigidness to the bending moment having an axis
in the horizontal direction increases so that the bending
deformation is less likely to occur. That is, the change in
the air gap of each section of the vertical direction of the
liquid crystal panel can be suppressed even when a change in
the internal pressure of the liquid crystal occurs, so that
the display shading at a region near the lower side of the
display screen can be suppressed.

[0066]

Twelfth embodiment

Next, the liquid crystal display panel of the twelfth
embodiment of the present application will be described with
reference to Fig. 6. Fig. 6 is a perspective view
illustrating an appearance of the liquid crystél display
panel in accordance with the twelfth embodiment of the

present invention in which rates of curvature of the
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transparent glass substrates 1 and 2 are exaggerated. The
liquid crystal display panel of the twelfth embodiment is
one which includes two transparent glass substrates 1 and 2
facing each other with a predetermined air gap being
interposed therebetween by a spacer {(not shown), a frame
shaped sealant 3 bonding the substrates each other, and a
liquid crystal encapsulated inside the sealant and the
substrates, wherein concave surface face each other when a
horizontal direction is also bent in a different direction
in a state that the substrates 1 and 2 stand.

[0067] |

In a state that the transparent substrates 1 and 2
stand as shown in Fig. 6, when concave surfaces of the
substrates face each other by making them bend in a
horizontal direction and another direction, curing the
sealant can manufacture thé liquid crystal display panel of
the twelfth embodiment. In addition, configuring the
transparent substrates 1 and 2 using the already bent glass
substrates can manufacture the liquid crystal display panel
of the twelfth embodiment. Therefore, according to the
liquid crystal display panel of the twelfth embodiment, the
substrates are bent in the horizontal direction and another
direction to make the concave surfaces face each other while
they stand, so that the bending rigidness to the bending

moment having an axis in the horizontal direction increases
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so that the bending deformation is less likely to occur.
That is, the change in the air gap of each section of the
vertical direction of the liquid crystal panel can be
suppressed even when a change in the internal pressure of
the liquid crystal occurs, so that the display shading at a
region near the lower side of the display screen can be
suppressed.

[0068]

According to the present invention as described above,
an amount of elastic deformation of the pillar shaped resin
spacer 4 is set such that the pillar shaped resin spacer 4
at a position where a gap becomes the maximum is compressed
by both substrates and is elastically compressed and
deformed in a vertical direction of the substrate at the
highest temperature within a usage temperature range of the
liquid crystal display panel in a display surface inclined
from its horizon in the liquid crystal display panel, so
that the display shading can be prevented from occurring. in
"a region near the lower side of the display screen occurred
when the display surface of the liquid crystal display panel
is inclined from a horizontal direction in the related art.
In addition, the upper‘end of the spacer is not detached
from the counter substrate, so that the spacer can always
act as a gap retention member and uniformly retain the

liquid crystal layer.
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[0069]

In addition, a height of the sealant is set to be
higher than a height of the spacer to a degree that a
bending stress resulted from an assembly of the transparent
substrates remains, so that the display shading can be
prevented from occurring in a region near the lower side of
the display screen occurred when the display surface of the
liquid crystal display panel is inclined from a horizontal
direction in the related art. In addition, the spacers whose
total number is less than the total number of the color
pixels, are approximately uniformly arranged on the
transparent substrate, so that the total number of the
spacers can decrease to increase the initial stress value,
thereby obtaining a structure which is not easily deformed,
a uniform air gap between the substrates, and retaining the
liquid crystal layer having the uniform thickness.

[0070]

In addition, the substrates are bent in a horizontal
direction in a state that they stand, which allows a bending
rigidneess to increase with respect to the bending moment
having an axis in a horizontal direction, so that it is
difficult to have the bending deformation and the display
shading.

[0071]

In addition, the method of manufacturing a liquid
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crystal display panel includes a first process of charging
the liquid crystal within the liquid crystal display panel,
the liquid crystal having a volume less than a volume |
occupied by a space up to a top end of the spacef of a
natural length from one peripheral surface among spaces
inside the sealant after the spacer and the sealant
positioned around the spacer are formed at the one
peripheral surface of one transparent substrate between the
two transparent substrates constituting the liquid crystal
display panel; and a second process of decreasing the volume
within the liquid crystal display panel by elastically
deforming the spacer or the spacer and the substrates
overlapping each other so that the liquid crystal is
encapsulated within the liquid crystal display panel while
an amount of discharging the liquid crystal is suppressed,
which contributes to reduce the load of pressing and
discharging the liquid crystal and the time of charging the
liquid crystal.
[Brief Description of the Drawings]
[Fig. 1]

Fig. 1 is a schematic cross-sectional view illustrating
a liquid crystal display panel according to a first
embodiment of the present invention in which number, shape,
value or the like of each section is exaggerated and omitted.

[Fig. 2]
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Fig. 2 is a schematic cross-sectional view illustrating
a liquid crystal display panel according to a second
embodiment of the present invention in which number, shape,
value or the like of each section is exaggerated and omitted.

[Fig. 3]

Fig. 3 illustrates a spacer arrangement in the present
invention, in which color pixels of RGB disposed in a matrix
shape are shown as a substrate shape, and O marksvare
illustrated in the color pixels where the spacer is disposed.
Fig. 3A denotes the spacer arrangement of the liquid crystal
display panel in accordance with the seventh embodiment, Fig.
3B denotes the spacer arrangement of the liquid crysfal
display panel in accordance with the eighth embodiment, and
Figs. 3C and 3D denote the spacer arrangement of the liquid
crystal display panel in accordance with the ninth
embodiment.

[Fig. 4]

Fig. 4 is a perspective view illustrating an appearance
of the liquid crystal display panel in accordance with the
tenth embodiment of the present invention.

[Fig. 5]

Fig. 5 is a perspective view illustrating an appearance
of the liquid crystal display panel in accordance with the
eleventh embodiment of the present invention in which rates:

of curvature of the transparent giass substrates 1 and 2 are
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exaggerated.
[Fig. 6]

Fig. 6 is a perspective view illustrating an appearance
of the liquid crystal display panel in accordance with the
twelfth embodiment of the present invention in which rates
of curvature of the transparent glass substrates 1 and 2 are
exaggerated.

[Reference Numerals]

1, 2: transparent glass substrate

3: sealant

4: pillar shaped resin spacer

5: liquid crystal
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